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. However, CO 2 is both kinetically and thermodynamically stable, meaning the carboxylation of aromatic compounds with CO 2 often requires preactivation of the aromatic in the form of highly reactive organolithium or Grignard reagents. Therefore, the highly attractive selective direct C− H carboxylation of aromatics remains a formidable challenge for which only a small number of methods, with substantial limitations -including the need for high pressures of CO 2 , narrow substrate scope, low reactivity and control of regioselectivity -have been reported so far 2 . Now, writing in Nature Catalysis, Li and co-workers report 3 process proceeds via nucleophilic addition of a phenoxide to CO 2 with a wellestablished ortho/para regioselectivity (Fig. 1a , red path) 4 . Other transition metal-free carboxylations typically require the use of strong Lewis acids or bases, high pressures of CO 2 and high temperatures. In recent years, a small number of transition-metalcatalysed aromatic C-H carboxylations have emerged, providing a new promising avenue to achieve this formidable task. These include gold-and copper-catalysed carboxylations under basic conditions The authors describe the utilization of a sterically encumbered phosphine ligand in combination with a Rh(II)-catalyst as the key to override the traditional ortho/ para selectivity of a base-promoted Kolbe-Schmitt type C-H carboxylation. The 2-arylphenol substrates gave rise to dibenzopyranones in excellent yields, with almost no ortho/para carboxylation products detected (Fig. 1a, green path) . The reaction boasts an outstanding substrate scope with both electron-withdrawing (-CF 3 ) and -donating (-OMe) groups being tolerated. Furthermore, base-sensitive functional groups such as amides and esters were tolerated at lower temperatures. Importantly, a wide variety of 2-heteroarylphenols were also suitable substrates, including furans, thiophenes, pyrroles and pyridines. Additionally, this protocol was successfully applied to the preparation of two biologically relevant compounds, Urolithin B and Coumestan (Fig. 1b) .
The few previous examples of rhodiumcatalysed C− H carboxylations required the use of the strong Lewis acid and methylating reagent AlMe 2 (OMe), which also played the role of base in the reaction 5 . Mechanistic studies indicated a Rh(I/III)-redox catalytic cycle was in operation 6 . Contrarily, the current carboxylation protocol only needs the use of a strong base ( t BuOK, although moderate reactivity was also achieved with the weaker Cs 2 CO 3 ), leading the authors to propose a 'nonredox' catalytic cycle involving dinuclear Rh(II)-species. Key steps in this proposal involve coordination of rhodium to the substrate followed by a cyclometallation at 2′ . CO 2 insertion at the C-Rh bond affords the carboxylated compound (Fig. 1c) . The proposed mechanism is supported by a number of preliminary mechanistic studies. In particular, the authors report hydrogen/ deuterium exchange experiments that are consistent with a reversible metallation at 2′ . Furthermore, they have identified Rh 2 (OAc) 4 (SPhos) as a plausible catalytic intermediate responsible for the observed reactivity. Interestingly, the mechanistic studies led to the discovery of a catalyst deactivation pathway and the development of a more robust system using PCy 3 instead of SPhos ligand. This results in a lowering of the catalyst loading from 10 mol% rhodium to a more attractive 2 mol%, and underlines the importance of carrying out mechanistic studies in parallel to methodology development. This elegant direct C-H carboxylation methodology tackles some important hurdles associated with the previous related methodologies: milder reaction conditions, novel and high selectivity, and excellent functional group tolerance. Nevertheless, it is not without limitations. First, rhodium is an expensive precious metal, compromising its use on an industrial scale. Furthermore, additional mechanistic investigations will be needed in order to fully understand this catalytic process, including the pivotal role of the ligand. Additional mechanistic insight might lead to a more rational catalyst design, thus opening the door to the utilization of cheaper and more efficient systems, with increased turnover numbers and frequencies.
Regarding the functional group tolerance, compatibility with strongly electronwithdrawing groups -such as cyano or nitro groups, or highly base-sensitive moieties -has not been shown. In terms of the substitution pattern, examples of 2,2′ -disubstituted substrates were not achieved, anticipating the method's potential limitations with respect to steric hindrance in the substrate. Despite those limitations associated with the substrate scope, this protocol is still set to have impact on complex molecule synthesis and late-stage functionalization.
In summary, this work uncovers a truly novel selectivity in the field of C-H carboxylation of aromatic compounds and many related transformations might be inspired by this work in order to achieve functionalization at unexpected positions. Delightfully, the regioselectivity question over the CO 2 capture -2′ or not 2′ position-is outstandingly answered by the utilization of bulky phosphine ligands. ❐ 
